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Abstract 
This dissertation was written as a part of the MSc in Energy Systems at the International 
Hellenic University. 
Since the conditions of the atmosphere change continuously, wind is never constant. On 
the contrary, it varies with time. The dissertation’s main goal is to examine the variabil-
ity of the wind and wind energy’s related parameters, analyzing a full two-year period 
dataset derived from two offshore meteorological masts located in Shell Flats Bank. 
Also, apart from demonstrating how these parameters change with time, the study aims 
to show the importance of evaluating them accurately. 
Ultimately, I would like to express my gratitude to my supervisor Prof. Dimitrios 
Kanellopoulos for his guidance and overall contribution on the materialization of the 
thesis. 
 
 
 
Voukelatos Konstantinos 
30 November 2019 
 
 
  -v- 
Contents 
ABSTRACT..............................................................................................................III 
CONTENTS............................................................................................................... V 
LIST OF FIGURES ............................................................................................... VIII 
LIST OF TABLES..................................................................................................... X 
ABBREVIATIONS ................................................................................................. XII 
1 INTRODUCTION ................................................................................................. 1 
1.1 OBJECTIVES ................................................................................................... 2 
1.2 THESIS STRUCTURE ....................................................................................... 2 
2 RESOURCE ASSESSMENT.............................................................................. 5 
2.1 SITE SELECTION ............................................................................................. 5 
2.2 WIND RESOURCES ......................................................................................... 5 
2.3 IMPORTANCE OF RESOURCE ASSESSMENT ..................................................... 6 
3 SHELL FLATS BANK ......................................................................................... 7 
3.1 OFFSHORE WIND ENERGY IN THE UK ............................................................. 7 
3.2 ANALYSIS LOCATION ...................................................................................... 8 
3.3 ANALYSIS SPECIFICS ...................................................................................... 8 
3.3.1 Parameters ....................................................................................... 8 
3.3.2 Sensor specifications .................................................................... 12 
4 DATA ANALYSIS .............................................................................................. 15 
4.1 WIND SPEED ANALYSIS ................................................................................ 15 
4.1.1 10-minute mean wind speed (WS avg) ....................................... 16 
4.1.2 Maximum wind speed (WS max) ................................................. 35 
4.1.3 Wind speed variation ..................................................................... 38 
4.2 WIND DIRECTION ANALYSIS .......................................................................... 39 
4.2.1 10-minute mean wind direction (WS uvd) ................................... 39 
-vi- 
4.3 ATMOSPHERIC PRESSURE ANALYSIS ............................................................ 51 
4.3.1 Average atmospheric pressure (AP avg) .................................... 51 
4.4 AIR TEMPERATURE ANALYSIS ....................................................................... 52 
4.4.1 Average air temperature (AT avg)................................................ 52 
4.5 RELATIVE HUMIDITY ANALYSIS ...................................................................... 54 
4.5.1 Average relative humidity (RH avg) ............................................. 54 
4.6 SOLAR RADIATION ANALYSIS ........................................................................ 56 
4.6.1 Average solar radiation (SR avg) ................................................. 56 
5 GLOBAL WIND ATLAS DATA ........................................................................ 59 
5.1 WIND SPEED COMPARISON ........................................................................... 60 
5.2 WIND DIRECTION COMPARISON .................................................................... 60 
6 WIND SHEAR COEFFICIENTS ....................................................................... 63 
6.1 EXPONENTIAL WIND PROFILE ........................................................................ 63 
6.2 LOGARITHMIC WIND PROFILE ........................................................................ 63 
6.3 ANNUAL TABLES ........................................................................................... 64 
7 ENERGY OUTPUT SIMULATION ................................................................... 67 
7.1 WIND TURBINE MODEL .................................................................................. 67 
7.1.1 V164-8.0 MW characteristics ........................................................ 67 
7.1.2 Power curve ................................................................................... 68 
7.2 POWER PRODUCTION CALCULATION ............................................................. 69 
7.2.1 Mean wind speed parameter ........................................................ 69 
7.3 ENERGY SIMULATION RESULTS ..................................................................... 69 
8 CONCLUSIONS ................................................................................................. 73 
8.1 BASED ON ANALYSIS .................................................................................... 73 
8.1.1 Wind speed analysis comments ................................................... 73 
8.1.2 Wind direction analysis comments ............................................... 76 
8.1.3 Atmospheric pressure analysis comments .................................. 77 
8.1.4 Air temperature analysis comments ............................................. 78 
8.1.5 Relative humidity analysis comments .......................................... 78 
8.1.6 Solar radiation analysis comments .............................................. 79 
8.2 BASED ON ENERGY OUTPUT SIMULATION ...................................................... 79 
  -vii- 
8.3 GLOBAL DEVELOPMENT OF OFFSHORE ENERGY ........................................... 79 
BIBLIOGRAPHY ..................................................................................................... 81 
APPENDIX ............................................................................................................... 83 
 
 
-viii- 
List of Figures 
Figure 1. UK offshore wind farms [14] ..................................................................... 7 
Figure 2. Shell Flats Bank [14] ................................................................................. 8 
Figure 3. Duration Curves at 30m NW, Mast 1, Oct 02-Sep 03 .......................... 17 
Figure 4. Duration Curves at 50m NW, Mast 1, Oct 02-Sep 03 .......................... 18 
Figure 5. Duration Curves at 80m NW, Mast 1, Oct 02-Sep 03 .......................... 18 
Figure 6. Duration Curves at 30m NW, Mast 1, Oct 03-Sep 04 .......................... 19 
Figure 7. Duration Curves at 50m NW, Mast 1, Oct 03-Sep 04 .......................... 19 
Figure 8. Duration Curves at 80m NW, Mast 1, Oct 03-Sep 04 .......................... 20 
Figure 9. Duration Curves at 30m NW, Mast 2, Oct 02-Sep 03 .......................... 21 
Figure 10. Duration Curves at 50m NW, Mast 2, Oct 02-Sep 03 ........................ 21 
Figure 11. Duration Curves at 30m NW, Mast 2, Oct 03-Sep 04 ........................ 22 
Figure 12. Duration Curves at 50m NW, Mast 2, Oct 03-Sep 04 ........................ 22 
Figure 13. 10-minute mean wind speed, October 2002 ....................................... 23 
Figure 14. 10-minute mean wind speed, November 2002 ................................... 23 
Figure 15. 10-minute mean wind speed, December 2002 ................................... 24 
Figure 16. 10-minute mean wind speed, January 2003 ....................................... 24 
Figure 17. 10-minute mean wind speed, February 2003 ..................................... 25 
Figure 18. 10-minute mean wind speed, March 2003 .......................................... 25 
Figure 19. 10-minute mean wind speed, April 2003 ............................................. 26 
Figure 20. 10-minute mean wind speed, May 2003 ............................................. 26 
Figure 21. 10-minute mean wind speed, June 2003 ............................................ 27 
Figure 22. 10-minute mean wind speed, July 2003.............................................. 27 
Figure 23. 10-minute mean wind speed, August 2003 ........................................ 28 
Figure 24. 10-minute mean wind speed, September 2003.................................. 28 
Figure 25. 10-minute mean wind speed, October 2003 ....................................... 29 
  -ix- 
Figure 26. 10-minute mean wind speed, November 2003 ................................... 29 
Figure 27. 10-minute mean wind speed, December 2003 ................................... 30 
Figure 28. 10-minute mean wind speed, January 2004........................................ 30 
Figure 29. 10-minute mean wind speed, February 2004 ...................................... 31 
Figure 30. 10-minute mean wind speed, March 2004........................................... 31 
Figure 31. 10-minute mean wind speed, April 2004.............................................. 32 
Figure 32. 10-minute mean wind speed, May 2004 .............................................. 32 
Figure 33. 10-minute mean wind speed, June 2004 ............................................. 33 
Figure 34. 10-minute mean wind speed, July 2004 .............................................. 33 
Figure 35. 10-minute mean wind speed, August 2004 ......................................... 34 
Figure 36. 10-minute mean wind speed, September 2004 .................................. 34 
Figure 37. Maximum wind speed at 50m NW, September 2003 ......................... 37 
Figure 38. Maximum wind speed at 50m NW, June 2004 .................................... 37 
Figure 39. Wind speed variation at 80m NW, Mast 1, September 03 ................. 38 
Figure 40. Wind speed variation at 50m NW, Mast 2, September 03 ................. 38 
Figure 41. Wind direction, Mast 1, Oct 02-Sep 03 ................................................ 39 
Figure 42. Wind direction, Mast 2, Oct 02-Sep 03 ................................................ 40 
Figure 43. Wind direction, Mast 1, Oct 03-Sep 04 ................................................ 40 
Figure 44. Wind direction, Mast 2, Oct 03-Sep 04 ................................................ 41 
Figure 45. Global Wind Atlas, location of Shell Flats Bank in the circle [5] ........ 59 
Figure 46. Wind rose, Mast 1 .................................................................................. 61 
Figure 47. Wind rose, Mast 2 .................................................................................. 61 
Figure 48. Wind rose, Mast 1 & Mast 2 .................................................................. 62 
Figure 49. Wind rose, Global Wind Atlas [5] .......................................................... 62 
Figure 50. Vestas V164-8.0 MW Power Curve [21] .............................................. 68 
Figure 51. Simulation results at 30m [20] ............................................................... 69 
Figure 52. Simulation results at 50m [20] ............................................................... 70 
Figure 53. Simulation results at 80m [20] ............................................................... 70 
 
-x- 
List of Tables 
Table 1. Mast 1 parameters .................................................................................... 10 
Table 2. Mast 2 parameters .................................................................................... 11 
Table 3. 10-Minute mean wind speed, Mast 1, Oct 02-Sep 03 ........................... 16 
Table 4. 10-Minute mean wind speed, Mast 2, Oct 02-Sep 03 ........................... 16 
Table 5. 10-Minute mean wind speed, Mast 1, Oct 03-Sep 04 ........................... 16 
Table 6. 10-Minute mean wind speed, Mast 2, Oct 03-Sep 04 ........................... 17 
Table 7. Maximum wind speed, Mast 1, Oct 02-Sep 03 ...................................... 35 
Table 8. Maximum wind speed, Mast 2, Oct 02-Sep 03 ...................................... 35 
Table 9. Maximum wind speed, Mast 1, Oct 03-Sep 04 ...................................... 35 
Table 10. Maximum wind speed, Mast 2, Oct 03-Sep 04 .................................... 36 
Table 11. Predominant wind directions at 20m NW, Mast 1 ............................... 42 
Table 12. Predominant wind directions at 30m NW, Mast 1 ............................... 42 
Table 13. Predominant wind directions at 50m NW, Mast 1 ............................... 43 
Table 14. Predominant wind directions at 70m NW, Mast 1 ............................... 43 
Table 15. Predominant wind directions at 82m, Mast 1 ....................................... 44 
Table 16. Predominant wind directions at 20m SE, Mast 1 ................................. 44 
Table 17. Predominant wind directions at 30m SE, Mast 1 ................................. 45 
Table 18. Predominant wind directions at 50m SE, Mast 1 ................................. 45 
Table 19. Predominant wind directions at 70m SE, Mast 1 ................................. 46 
Table 20. Predominant wind directions at 80m NW, Mast 1 ............................... 46 
Table 21. Predominant wind directions at 20m NW, Mast 2 ............................... 47 
Table 22. Predominant wind directions at 30m NW, Mast 2 ............................... 47 
Table 23. Predominant wind directions at 40m NW, Mast 2 ............................... 48 
Table 24. Predominant wind directions at 52m, Mast 2 ....................................... 48 
Table 25. Predominant wind directions at 20m SE, Mast 2 ................................. 49 
  -xi- 
Table 26. Predominant wind directions at 30m SE, Mast 2 .................................. 49 
Table 27. Predominant wind directions at 40m SE, Mast 2 .................................. 50 
Table 28. Predominant wind directions at 50m NW, Mast 2 ................................ 50 
Table 29. Average atmospheric pressure, Mast 1, Oct 02-Sep 03 ...................... 51 
Table 30. Average atmospheric pressure, Mast 2, Oct 02-Sep 03 ...................... 51 
Table 31. Average atmospheric pressure, Mast 1, Oct 03-Sep 04 ...................... 52 
Table 32. Average atmospheric pressure, Mast 2, Oct 03-Sep 04 ...................... 52 
Table 33. Average air temperature, Mast 1, Oct 02-Sep 03................................. 53 
Table 34. Average air temperature, Mast 2, Oct 02-Sep 03................................. 53 
Table 35. Average air temperature, Mast 1, Oct 03-Sep 04................................. 53 
Table 36. Average air temperature, Mast 2, Oct 03-Sep 04................................. 53 
Table 37. Average relative humidity, Mast 1, Oct 02-Sep 03 ............................... 54 
Table 38. Average relative humidity, Mast 2, Oct 02-Sep 03 ............................... 55 
Table 39. Average relative humidity, Mast 1, Oct 03-Sep 04 ............................... 55 
Table 40. Average relative humidity, Mast 2, Oct 03-Sep 04 ............................... 55 
Table 41. Average solar radiation, Mast 1, Oct 02-Sep 03 .................................. 56 
Table 42. Average solar radiation, Mast 2, Oct 02-Sep 03 .................................. 56 
Table 43. Average solar radiation, Mast 1, Oct 03-Sep 04 .................................. 57 
Table 44. Average solar radiation, Mast 2, Oct 03-Sep 04 .................................. 57 
Table 45. Mean wind speeds at 50m and 82m ...................................................... 60 
Table 46. Wind shear coefficients, Mast 1, Oct 02-Sep 03 .................................. 65 
Table 47. Wind shear coefficients, Mast 1, Oct 03-Sep 04 .................................. 65 
Table 48. Mean wind speed parameters ................................................................ 69 
 
 
-xii- 
Abbreviations 
ASL Above Sea Level 
DTU Technical University of Denmark (Danish: ‘Danmarks Tekniske 
Universitet’) 
E  East 
ENE  East-northeast 
ESE  East-southeast 
HAT  Highest Astronomical Tide 
IEC International Electrotechnical Commission 
NDCs Nationally Determined Contributions 
MERRA  Modern-Era Retrospective analysis for Research and Applications 
N  North 
NE  Northeast 
NNE  North-northeast 
NNW  North-northwest 
NW  Northwest 
LIDAR  LIght Detection And Ranging 
OECD  Organisation for Economic Co-operation and Development 
S South 
SE  Southeast 
SSE  South-southeast 
SSW  South-southwest 
SW Southwest 
SODAR  SOnic Detection And Ranging 
UK  United Kingdom 
UKWED  UK Wind Energy Database 
VMD  Virtual Met Data 
W West 
  -xiii- 
WNW West-northwest 
WSW West-southwest 
 
 
 
  -1- 
1 Introduction 
The past few decades there has been noticed a significant growth in the wind energy 
sector, for various socioeconomic reasons. Although, despite this unprecedented in-
crease of interest regarding the exploitation of the energy of the wind, it is far from be-
ing considered a new concept. On the contrary it has been around for centuries, used in 
a variety of ways by numerous civilizations. 
 Nonetheless, the reality is that there is a new trend in this particular domain, shifting 
wind energy from onshore to offshore. In fact, offshore wind energy has been on the 
rise constantly during the previous years and it is projected to continue [1]. The main 
reason that has propelled this growth is no other than the far superior energy potential 
away from the shore, due to the fact that winds are stronger compared to land, and the 
development of the requisite technology to exploit it. Another factor that has contribut-
ed is the social acceptance of offshore wind farms, since the visual and noise impact can 
be mitigated more easily [2]. 
 However, despite the fact that the technological boom in offshore wind energy has 
rendered the implementation of a project as easy as ever before, there are prerequisite 
activities that remain complex and critical. 
 Such a task, is the wind turbine model selection. More specifically, due to the fact 
the wind shear at the Earth’s surface causes wind speeds to increase as height increases, 
industries tend to manufacture taller turbines in order to achieve greater production [3]. 
However, the taller wind turbines become, the more logistics and various challenges 
arise [4]. Hence, the selection might pose a serious challenge and affect significantly the 
outcome of a wind energy project. 
 Nevertheless, a far more critical issue, is the assessment of a wind farm’s resources. 
More specifically, since the conditions of the atmosphere change continuously, the wind 
varies with time. Therefore, the accurate evaluation of the wind resources’ variability is 
vital for the sustainability of a wind farm. 
-2- 
1.1 Objectives 
The main theme of the present study is the variability of wind and wind energy’s related 
parameters in an offshore location in the United Kingdom, named Shell Flats Bank. 
 The purpose of the dissertation is to demonstrate through a two-year data analysis 
how these parameters vary with time, as well as, how critical it is to assess them as pre-
cisely as possible. 
1.2 Thesis structure 
 The dissertation begins with a chapter about the impact of wind resources in a wind 
energy project and the importance of their assessment. Chapter 3 continues with the site 
that is examined in the analysis, and briefly comments on the status of offshore energy 
in the UK. Also, it includes information about the masts and the meteorological instru-
ments that were used for the measurements, while, the parameters of the data that are 
analyzed are presented in details. 
 The data analysis of the dissertation takes place in Chapter 4. More specifically, the 
analysis starts off with the wind speed and direction, whilst, the atmospheric pressure, 
air temperature, relative humidity and solar radiation data analysis follows. Generally, 
the results of the analysis are depicted in tables and figures of various forms, while, in 
order to provide a clear view on the data’s reliability, the completeness percentage of 
each and every parameter is mentioned. 
 In the next chapter, the analyzed wind speed and wind direction data are compared 
to the data provided by the Global Wind Atlas, so that there is an indicator if the analy-
sis’ results bear similarities with other available datasets. Afterwards, in Chapter 6, the 
exponent and logarithmic wind shear coefficients are calculated using the values ob-
tained by the analysis, and the results that come up are compared to the bibliography’s 
equivalent coefficient ranges. 
 Towards the end of the dissertation, in Chapter 7, an energy output simulation is 
performed in order to see what would be the actual power production of a wind turbine 
on Shell Flats Bank. The simulation is carried out via a free online power calculator, 
using a Vestas V164-8.0 MW as the wind turbine model, and the results are displayed in 
figures. 
  -3- 
 In addition, the results of the energy simulation apart from providing the potential 
power production per year, act as evidence of the significance of accurate resource as-
sessment, showing what can be the impact on a wind energy project if there is a small 
miscalculation. Finally, the conclusions of the dissertation are presented in the last 
chapter. 
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2 Resource assessment 
2.1 Site selection 
Wind resources are one of the key factors in the site selection of a wind energy project, 
therefore there are various methods that have been developed for their measurement. 
 First of all, for the preliminary area selection, a wide number of wind resource maps 
can be used, such as the Global Wind Atlas and the IRENA Global Atlas [5], [6]. 
 Nonetheless, on-site measurements remain absolutely essential for valid wind data. 
Usually, the wind measurements of offshore locations are obtained by met masts and 
buoys equipped with various meteorological instruments, while LIDAR and SODAR 
devices are also used. 
 Furthermore, several meteorological reanalysis and mesoscale model datasets that 
have emerged (e.g. NASA’s MERRA/ MERRA-2, ECMWF’s ERA-Interim and DNV 
GL’s VMD) can be employed [7]. 
2.2 Wind resources 
The reason why wind resources are considered to be so important for a wind energy 
project, can be explained by the following equation, where the wind power flowing 
through an area is: 
 
 
(2-1) 
 where, 
ρ is the air density [kg m-3] 
A is the rotor area [m2] 
V is the wind speed [m s-1] 
 As it can be seen in the mathematical relationship, high wind speeds are so signifi-
cant because of their impact on the power output. More specifically, while the other var-
iables are affecting it proportionally, power increases with the cube of the wind speed. 
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As a result, a small change in the wind speed, leads to great changes in the power that is 
produced. 
 Although, despite the fact that wind speed is the most dominant factor of the wind 
resources, there are other variables that also impact the power output, those being air 
density and rotor area. More precisely, the area of the rotor is a characteristic that is de-
fined by the manufacturer, whilst, the air density is a property that depends on tempera-
ture, atmospheric pressure and relative humidity [8]. 
2.3 Importance of resource assessment 
Apart from being a driver in the site selection of a wind farm, wind resources provide 
vital information -such as the extreme wind speed, for choosing the appropriate wind 
turbine models. 
 However, since a mistake in measurements can lead to significant miscalculation of 
the expected energy produced, the quality of the resource evaluation determines the ac-
curacy of the prediction of the financial returns of the project. Consequently, in order to 
quantify the project’s economics in a satisfactory way for potential investors, uncertain-
ties must be as low as possible [9]. 
 Hence, measurements must be always carried out by reliable, highly accurate, IEC 
approved instruments and censors, performed as close as possible to the hub height [8], 
[10]. 
 Therefore, while being one of the most demanding and time-consuming tasks, the 
financial performance of a wind project is directly linked with quality resource evalua-
tion, thus measurements of all parameters must be utmost thorough and accurate. 
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3 Shell Flats Bank  
In this particular study, the variability of the wind and the atmospheric conditions relat-
ed to wind energy, is examined in a site named Shell Flats Bank, located in the United 
Kingdom. 
3.1 Offshore wind energy in the UK 
First of all, offshore wind power is not an unknown notion to the UK. As a matter of 
fact, the United Kingdom is the leader in the European offshore wind energy sector and 
one of the major markets globally [11], [12]. 
 More specifically, according to UK Wind Energy Database (UKWED) there are 37 
operational offshore wind projects within the maritime boundaries of the UK, mostly 
located in the English Chanel and the North Sea [13]. 
 
Figure 1. UK offshore wind farms [14] 
 Consequently, the variability of the wind in the UK is a subject that has been exten-
sively studied [15], [16]. Nevertheless, since it is not a constant characteristic for all lo-
cations, there is always room for further research. 
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3.2 Analysis location 
The exact location of Shell Flats Bank is in the Irish Sea, about 10 km off the coast of 
Lancashire, between Blackpool and Cleveleys. 
 
Figure 2. Shell Flats Bank [14] 
 The meteorological data analyzed were gathered by two met masts with a height of 
80 and 50 meters above Highest Astronomical Tide (HAT), assuming mast platform is 
10 meters above HAT. 
3.3 Analysis specifics 
The data used for the dissertation’s analysis were provided by the Crown Estate Marine 
Data Exchange website [17]. 
3.3.1 Parameters 
For the data analysis, the study uses 10-minute meteorological measurements during a 
common period of 2 years from both masts, from 4th October 2002 until 4th October 
2004. 
 More specifically, the met masts gathered the measurements of the following at-
mospheric conditions. 
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Mast 1 (80-meter) 
 Average solar radiation 
 Average atmospheric pressure at 12m & 80m above HAT 
 Average air temperature at 12m & 80m above HAT 
 Average relative humidity at 12m & 80m above HAT 
 10-minute mean, maximum wind speed at 20m, 30m, 50m, 70m above HAT 
(NW & SE), 80m above HAT (NW), and 82m above HAT 
 10-minute mean wind direction at 20m, 30m, 50m, 70m above HAT (NW & 
SE), 80m above HAT (NW), and 82m above HAT 
Mast 2 (50-meter) 
 Average solar radiation 
 Average atmospheric pressure at 12m above HAT 
 Average air temperature at 12m above HAT 
 Average relative humidity at 12m above HAT 
 10-minute mean, maximum wind speed at 20m, 30m, 40m above HAT (NW & 
SE), 50m above HAT (NW), and 52m above HAT (Top sensor) 
 10-minute mean wind direction at 20m, 30m, 40m above HAT (NW & SE), 50m 
above HAT (NW), and 52m above HAT (Top sensor) 
 
 The parameters of the data analysis are displayed in details in the following tables. 
For a more comprehensive overview of the data that are analyzed, please refer to the 
appendix. 
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Table 1. Mast 1 parameters 
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Table 2. Mast 2 parameters 
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3.3.2 Sensor specifications 
The meteorological instruments used from the masts for the measurements during the 
two-year period, can be seen below. 
Mast 1 meteorological instruments 
Wind speed measurements 
The wind speed at 20m, 30m, 50m, 70m (northwest and southeast) and 82m was meas-
ured by Vector Instruments A100L2 low power anemometers. 
 The wind speed at 80m north-west was measured by a FT Technologies FT702 ul-
trasonic wind sensor. 
Wind direction measurements 
The wind direction at 20m, 30m, 50m, 70m (northwest and southeast) and 82m was 
measured by Vector Instruments W200P potentiometer wind vanes. 
 The wind direction at 80m north-west was measured by a FT Technologies FT702 
ultrasonic wind sensor. 
Temperature and relative humidity measurements 
The air temperature and relative humidity at 12m and 80m was measured by Vaisala 
HMP45C humidity and temperature probes. 
Atmospheric pressure measurements 
The atmospheric pressure at 12m and 80m was measured by Vaisala PTB101B barome-
ters. 
Solar radiation measurements 
The solar radiation at 13m was measured by a Kipp & Zonen CMP11 pyranometer. 
Mast 2 meteorological instruments 
Wind speed measurements 
The wind speed at 20m, 30m, 40m (northwest and southeast) and 52m was measured by 
Vector Instruments A100L2 low power anemometers. 
 The wind speed at 50m north-west was measured by a FT Technologies FT702 ul-
trasonic wind sensor. 
Wind direction measurements 
The wind direction at 20m, 30m, 40m (northwest and southeast) and 52m was measured 
by Vector Instruments W200P potentiometer wind vanes. 
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 The wind direction at 50m north-west was measured by a FT Technologies FT702 
ultrasonic wind sensor. 
Temperature and relative humidity measurements 
The air temperature and relative humidity at 12m was measured by a Vaisala HMP45C 
humidity and temperature probe. 
Atmospheric pressure measurements 
The atmospheric pressure at 12m was measured by a Vaisala PTB101B barometer. 
Solar radiation measurements 
The solar radiation at 13m was measured by a Kipp & Zonen CMP11 pyranometer. 
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4 Data analysis 
The analysis begins with the wind speed and wind direction data, in order to provide a 
clear view of the wind speed resources and the potential power output, as much as the 
wind direction distribution during the examined period. 
 Afterwards, it continues with the analysis of the atmospheric pressure, air tempera-
ture and relative humidity data, all of which affect the air density, and as a consequence 
the wind energy production [9]. 
 In the end, the analysis deals with the solar radiation data, which when utilized in 
tandem with the wind speed data and the time of day, can indicate whether or not there 
is atmospheric stability [8]. 
4.1 Wind speed analysis 
Wind speed is defined as air moving from high to low pressure, usually due to changes 
in temperature. 
 It is considered to be the most important weather parameter in a site and its analysis 
over the two-year period will provide a clear picture of Shell Flat Bank’s wind re-
sources, and consequently the potential power production. The actual impact of wind 
speed in the power that a wind turbine produces has already been explored in a previous 
chapter. 
 The wind speed analysis consists of the 10-minute mean and maximum wind speed 
data analysis. 
 More specifically, the 10-minute mean wind speed analysis involves the annual ta-
bles and monthly graphs, while, the maximum wind speed analysis contains the annual 
tables and two graphs comparing the parameter at both masts, at the same height during 
September 2003 and June 2004. 
 Furthermore, the annual duration curves of the 10-minute mean wind speed data are 
presented, while, the wind speed variation is examined. Also, the data completeness 
percentage of each parameter is given. 
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4.1.1 10-minute mean wind speed (WS avg) 
Annual tables 
The annual wind speed tables of both masts are presented below. In each table there is 
the average, the minimum and the maximum values of the 10-minute mean wind speed, 
at all heights of each mast. 
Table 3. 10-Minute mean wind speed, Mast 1, Oct 02-Sep 03 
 
Table 4. 10-Minute mean wind speed, Mast 2, Oct 02-Sep 03 
 
Table 5. 10-Minute mean wind speed, Mast 1, Oct 03-Sep 04 
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Table 6. 10-Minute mean wind speed, Mast 2, Oct 03-Sep 04 
 
Data completeness 
Regarding the 10-minute mean wind speed data completeness, during the period from 
October 2002 to September 2003: 
Mast 1: All data → 97.85 % 
Mast 2: at 40m SE → 48.20 % 
 During the period from October 2003 to September 2004: 
Mast 2: at 40m NW → 81.87 % 
at 50m NW → 67.03 % 
 All other 10-minute mean wind speed datasets have 100 % completeness. 
Annual Duration Curves 
The wind speed duration curves presented below, are used to show the annual wind 
speed distribution at certain heights in both masts. 
Mast 1 (at 30m, 50m, 80m NW) 
 
Figure 3. Duration Curves at 30m NW, Mast 1, Oct 02-Sep 03 
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Figure 4. Duration Curves at 50m NW, Mast 1, Oct 02-Sep 03 
 
Figure 5. Duration Curves at 80m NW, Mast 1, Oct 02-Sep 03 
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Figure 6. Duration Curves at 30m NW, Mast 1, Oct 03-Sep 04 
 
Figure 7. Duration Curves at 50m NW, Mast 1, Oct 03-Sep 04 
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Figure 8. Duration Curves at 80m NW, Mast 1, Oct 03-Sep 04 
 
  -21- 
Mast 2 (at 30m, 50m NW) 
 
Figure 9. Duration Curves at 30m NW, Mast 2, Oct 02-Sep 03 
 
Figure 10. Duration Curves at 50m NW, Mast 2, Oct 02-Sep 03 
-22- 
 
Figure 11. Duration Curves at 30m NW, Mast 2, Oct 03-Sep 04 
 
Figure 12. Duration Curves at 50m NW, Mast 2, Oct 03-Sep 04 
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Monthly figures 
The monthly figures of the 10-minute mean wind speed during the two-year period of 
the analysis are presented below. For each figure, the average values of all heights for 
every month are being used. 
 
Figure 13. 10-minute mean wind speed, October 2002 
 
Figure 14. 10-minute mean wind speed, November 2002 
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Figure 15. 10-minute mean wind speed, December 2002 
 
Figure 16. 10-minute mean wind speed, January 2003 
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Figure 17. 10-minute mean wind speed, February 2003 
 
Figure 18. 10-minute mean wind speed, March 2003 
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Figure 19. 10-minute mean wind speed, April 2003 
 
Figure 20. 10-minute mean wind speed, May 2003 
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Figure 21. 10-minute mean wind speed, June 2003 
 
Figure 22. 10-minute mean wind speed, July 2003 
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Figure 23. 10-minute mean wind speed, August 2003 
 
Figure 24. 10-minute mean wind speed, September 2003 
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Figure 25. 10-minute mean wind speed, October 2003 
 
Figure 26. 10-minute mean wind speed, November 2003 
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Figure 27. 10-minute mean wind speed, December 2003 
 
Figure 28. 10-minute mean wind speed, January 2004 
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Figure 29. 10-minute mean wind speed, February 2004 
 
Figure 30. 10-minute mean wind speed, March 2004 
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Figure 31. 10-minute mean wind speed, April 2004 
 
Figure 32. 10-minute mean wind speed, May 2004 
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Figure 33. 10-minute mean wind speed, June 2004 
 
Figure 34. 10-minute mean wind speed, July 2004 
-34- 
 
Figure 35. 10-minute mean wind speed, August 2004 
 
Figure 36. 10-minute mean wind speed, September 2004 
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4.1.2 Maximum wind speed (WS max) 
Annual tables 
The annual wind speed tables of both masts are presented below. In each table there is 
the average, the minimum and the maximum values of the maximum wind speed, at all 
heights of each mast. 
Table 7. Maximum wind speed, Mast 1, Oct 02-Sep 03 
 
Table 8. Maximum wind speed, Mast 2, Oct 02-Sep 03 
 
Table 9. Maximum wind speed, Mast 1, Oct 03-Sep 04 
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Table 10. Maximum wind speed, Mast 2, Oct 03-Sep 04 
 
Data completeness 
Regarding the maximum wind speed data completeness, during the period from October 
2002 to September 2003: 
Mast 1: at 20m NW → 97.84 % 
at 30m NW → 97.84 % 
at 50m NW → 97.84 % 
at 70m NW → 97.84 % 
at 82m → 97.83 % 
at 20m SE → 97.84 % 
at 30m SE → 97.84 % 
at 50m SE → 97.84 % 
at 70m SE → 97.84 % 
at 80m NW → 97.84 % 
Mast 2: at 20m SE → 99.98 % 
at 40m SE → 48.20 % 
 All other maximum wind speed datasets have 100 % completeness. 
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Masts comparison (at 50m NW) 
The following graphs are used in order to compare the maximum wind speed at the two 
masts, at the same height, during the same periods, September 2003 and June 2004. 
 
Figure 37. Maximum wind speed at 50m NW, September 2003 
 
Figure 38. Maximum wind speed at 50m NW, June 2004 
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4.1.3 Wind speed variation 
The following graphs include both wind speed parameters and are used in order to pro-
vide a comprehensive view of the variation in the wind speed during September 2003 
(at 80m NW regarding Mast 1, and at 50m NW regarding Mast 2). 
 
Figure 39. Wind speed variation at 80m NW, Mast 1, September 03 
 
Figure 40. Wind speed variation at 50m NW, Mast 2, September 03 
 The variation between the average and the maximum wind speed in both figures 
seems to be approximately 1.50 m/s. 
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4.2 Wind direction analysis 
Besides the speed of the wind, it is also necessary to know the direction from which the 
wind blows. 
 The analysis of the wind direction will demonstrate its distribution during the exam-
ined period, as well as the prevailing winds. 
 The wind direction analysis consists of the 10-minute mean wind direction data 
analysis and involves the annual graphs portraying the wind direction distribution, as 
much as, detailed tables showing the predominant wind directions of each height for 
every month. Also, the data completeness percentage is given. 
4.2.1 10-minute mean wind direction (WS uvd) 
Annual figures 
The annual wind direction distribution of both masts during the period of the analysis 
can be seen in the following figures. 
 
Figure 41. Wind direction, Mast 1, Oct 02-Sep 03 
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Figure 42. Wind direction, Mast 2, Oct 02-Sep 03 
 
Figure 43. Wind direction, Mast 1, Oct 03-Sep 04 
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Figure 44. Wind direction, Mast 2, Oct 03-Sep 04 
 In Figure-42 the wind direction at 50m NW is absent due to the low data complete-
ness (25.90 %). In Figure-44 the wind direction at 40m NW (67.60 %) and 50m NW 
(66.94 %) is also absent for the same reason. 
Data completeness 
Regarding the 10-minute mean wind direction data completeness, during the period 
from October 2002 to September 2003: 
Mast 1: All data → 92.86 % 
Mast 2: at 50m NW → 25.90 % 
 Regarding the 10-minute mean wind direction data completeness, during the period 
from October 2003 to September 2004: 
Mast 1: at 20m NW → 85.56 % 
at 20m SE → 85.56 % 
at 30m SE → 96.90 % 
Mast 2: at 40m NW → 67.60 % 
at 50m NW → 66.94 % 
 All other 10-minute mean wind direction datasets have 100 % completeness.  
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Predominant wind directions tables 
The following tables are presented in order to show explicitly the predominant wind di-
rections during the months of the analysis for each height of both masts. 
 As predominant wind directions, the dissertation considers those with frequency 
above 10 %. 
Mast 1 
Table 11. Predominant wind directions at 20m NW, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓ *
NNE ✓ ✓ *
NE ✓ *
ENE ✓ ✓ *
E ✓ ✓ ✓ ✓ ✓ ✓ *
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
SE ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
SSE ✓ ✓ ✓ ✓ ✓ ✓ *
S *
SSW *
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
WNW ✓ ✓ ✓ ✓ ✓ *
NW ✓ ✓ ✓ ✓ ✓ *
NNW ✓ ✓ ✓ ✓ *
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 37.37 0  
Table 12. Predominant wind directions at 30m NW, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE ✓
NE ✓
ENE ✓ ✓
E ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓ ✓
S
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓
NNW ✓ ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100.00 100  
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Table 13. Predominant wind directions at 50m NW, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE ✓
NE
ENE ✓
E ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓ ✓
S
SSW ✓
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓
NNW ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100.00 100  
Table 14. Predominant wind directions at 70m NW, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE
NE
ENE ✓ ✓
E ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓ ✓
S ✓
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓ ✓
NNW ✓ ✓ ✓ ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100.00 73.78  
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Table 15. Predominant wind directions at 82m, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE ✓
NE
ENE ✓
E ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓
S ✓
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
NW ✓
NNW ✓ ✓ ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100.00 100  
Table 16. Predominant wind directions at 20m SE, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓ ✓ *
NNE ✓ *
NE *
ENE ✓ ✓ *
E ✓ ✓ ✓ ✓ *
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
SE ✓ ✓ ✓ ✓ *
SSE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
S *
SSW *
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ *
WNW ✓ ✓ ✓ ✓ ✓ ✓ *
NW ✓ ✓ ✓ ✓ *
NNW ✓ ✓ ✓ ✓ *
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 37.37 0  
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Table 17. Predominant wind directions at 30m SE, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE
NE ✓
ENE ✓
E ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓
S
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓
NNW ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
Table 18. Predominant wind directions at 50m SE, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓ ✓
NNE
NE ✓ ✓
ENE ✓ ✓ ✓ ✓
E ✓ ✓ ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓
SSE ✓
S
SSW ✓ ✓ ✓ ✓
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓
NNW ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
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Table 19. Predominant wind directions at 70m SE, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE ✓
NE
ENE ✓
E ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓ ✓ ✓
S
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓
NNW ✓ ✓ ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
Table 20. Predominant wind directions at 80m NW, Mast 1 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE ✓
NE
ENE ✓ ✓ ✓
E ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
S ✓ ✓
SSW ✓
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓
NNW ✓ ✓ ✓
data % 71.46 100 100 100 100 74.80 65.33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
  -47- 
Mast 2 
Table 21. Predominant wind directions at 20m NW, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE ✓
NE ✓
ENE ✓
E ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓
S
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
NNW ✓ ✓ ✓ ✓
data % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
Table 22. Predominant wind directions at 30m NW, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE ✓
NE ✓
ENE ✓
E ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓ ✓
S
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓ ✓
NNW ✓ ✓ ✓
data % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
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Table 23. Predominant wind directions at 40m NW, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N * * * * * * * *
NNE ✓ * * * * * * * *
NE ✓ * * * * * * * *
ENE ✓ * * * * * * * *
E ✓ ✓ ✓ ✓ ✓ * * * * * * * *
ESE ✓ ✓ ✓ * * * * * * * *
SE ✓ ✓ ✓ ✓ ✓ ✓ ✓ * * * * * * * *
SSE ✓ ✓ ✓ ✓ ✓ * * * * * * * *
S * * * * * * * *
SSW * * * * * * * *
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ * * * * * * * *
WSW ✓ ✓ ✓ ✓ ✓ ✓ * * * * * * * *
W ✓ ✓ ✓ ✓ ✓ * * * * * * * *
WNW ✓ * * * * * * * *
NW ✓ ✓ * * * * * * * *
NNW * * * * * * * *
data % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0 0 0 0 0 0 0  
Table 24. Predominant wind directions at 52m, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N
NNE
NE ✓ ✓
ENE ✓ ✓ ✓ ✓ ✓
E ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓
SSE
S
SSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓
NW ✓ ✓ ✓
NNW ✓
data % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
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Table 25. Predominant wind directions at 20m SE, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓ ✓
NNE ✓ ✓
NE ✓
ENE ✓ ✓
E ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓ ✓ ✓
S
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓ ✓ ✓
NNW ✓ ✓ ✓ ✓
data % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
Table 26. Predominant wind directions at 30m SE, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE
NE ✓
ENE ✓ ✓
E ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓ ✓ ✓
S
SSW
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓ ✓ ✓
NNW ✓ ✓ ✓
data % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
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Table 27. Predominant wind directions at 40m SE, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N ✓
NNE
NE ✓ ✓
ENE ✓ ✓ ✓ ✓
E ✓ ✓ ✓ ✓ ✓ ✓ ✓
ESE ✓ ✓ ✓ ✓ ✓ ✓
SE ✓ ✓ ✓ ✓ ✓
SSE ✓ ✓
S
SSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WSW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
W ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WNW ✓ ✓ ✓ ✓
NW ✓ ✓ ✓ ✓
NNW ✓
data % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100  
Table 28. Predominant wind directions at 50m NW, Mast 2 
Direction Oct 02 Nov 02 Dec 02 Jan 03 Feb 03 Mar 03 Apr 03 May 03 Jun 03 Jul 03 Aug 03 Sep 03 Oct 03 Nov 03 Dec 03 Jan 04 Feb 04 Mar 04 Apr 04 May 04 Jun 04 Jul 04 Aug 04 Sep 04
N * * * * * * * * * *
NNE ✓ * * * * * * * * * *
NE * * * * * * * * * *
ENE * * * * * ✓ * * * * *
E ✓ * * * * * ✓ * * * * *
ESE * * * * * ✓ * * * * * ✓
SE ✓ * * * * * * * * * *
SSE * * * * * * * * * *
S * * * * * ✓ * * * * *
SSW * * * * * ✓ * * ✓ ✓ ✓ ✓ * * *
SW * * * * * ✓ ✓ ✓ * * ✓ ✓ ✓ ✓ * * * ✓ ✓ ✓
WSW * * * * * ✓ ✓ * * * * * ✓ ✓ ✓ ✓
W * * * * * ✓ * * * * * ✓ ✓ ✓ ✓
WNW * * * * * * * * * * ✓ ✓ ✓
NW * * * * * * * * * * ✓ ✓ ✓ ✓ ✓
NNW * * * * * * * * * * ✓ ✓
data % 69 0 0 0 0 0 69 100 27.92 0 0 34.86 100 100 14.36 0 0 0 91.89 100 100 100 100 100  
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4.3 Atmospheric pressure analysis 
Atmospheric pressure is defined as the pressure within the atmosphere of Earth and the 
analysis of this parameter is important due to the fact that it affects the air density, thus 
the power that is produced [9]. 
 The atmospheric pressure analysis consists of the average atmospheric pressure data 
analysis and involves the annual tables of both masts. Also, the data completeness per-
centage is given. 
4.3.1 Average atmospheric pressure (AP avg) 
Annual tables 
The annual atmospheric pressure tables of both masts are presented below. In each table 
there is the average, the minimum and the maximum values of the average atmospheric 
pressure, at certain heights for each mast (at 12m and 80m regarding Mast 1, and at 12m 
regarding Mast 2). 
Table 29. Average atmospheric pressure, Mast 1, Oct 02-Sep 03 
 
Table 30. Average atmospheric pressure, Mast 2, Oct 02-Sep 03 
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Table 31. Average atmospheric pressure, Mast 1, Oct 03-Sep 04 
 
Table 32. Average atmospheric pressure, Mast 2, Oct 03-Sep 04 
 
Data completeness 
Regarding the average atmospheric pressure data completeness, during the period from 
October 2002 to September 2003: 
Mast 1: at 12m → 97.84 % 
 All other average atmospheric pressure datasets have 100 % completeness. 
4.4 Air temperature analysis 
The analysis of this weather parameter is important due to the fact that it impacts the air 
density, hence the power production [9]. 
 The air temperature analysis consists of the average air temperature data analysis 
and involves the annual tables of both masts. Also, the data completeness percentage is 
given. 
4.4.1 Average air temperature (AT avg) 
Annual tables 
The annual air temperature tables of both masts are presented below. In each table there 
is the average, the minimum and the maximum values of the average air temperature, at 
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certain heights for each mast (at 80m and 12m regarding Mast 1, and at 12m regarding 
Mast 2). 
Table 33. Average air temperature, Mast 1, Oct 02-Sep 03 
 
Table 34. Average air temperature, Mast 2, Oct 02-Sep 03 
 
Table 35. Average air temperature, Mast 1, Oct 03-Sep 04 
 
Table 36. Average air temperature, Mast 2, Oct 03-Sep 04 
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Data completeness 
Regarding the average air temperature data completeness, during the period from Oc-
tober 2002 to September 2003: 
Mast 1: at 80m → 97.84 % 
at 12m → 64.35 % 
Mast 2: at 12m → 97.79 % 
 All other average air temperature datasets have 100 % completeness. 
4.5 Relative humidity analysis 
Relative humidity is described as the ratio of the amount of water vapor present in the 
air over the greatest amount possible at the same temperature. 
 Similarly to atmospheric pressure and air temperature, the analysis of relative hu-
midity is significant due to its impact on air density [9]. 
 The relative humidity analysis consists of the average relative humidity data analy-
sis and involves the annual tables of both masts. Also, the data completeness percentage 
is given. 
4.5.1 Average relative humidity (RH avg) 
Annual tables 
The annual relative humidity tables of both masts are presented below. In each table 
there is the average, the minimum and the maximum values of the average relative hu-
midity, at certain heights for each mast (at 80m and 12m regarding Mast 1, and at 12m 
regarding Mast 2). 
Table 37. Average relative humidity, Mast 1, Oct 02-Sep 03 
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Table 38. Average relative humidity, Mast 2, Oct 02-Sep 03 
 
Table 39. Average relative humidity, Mast 1, Oct 03-Sep 04 
 
Table 40. Average relative humidity, Mast 2, Oct 03-Sep 04 
 
Data completeness 
Regarding the average relative humidity data completeness, during the period from Oc-
tober 2002 to September 2003: 
Mast 1: at 80m → 92.86 % 
at 12m → 58.08 % 
Mast 2: at 12m → 97.79 % 
 All other average relative humidity datasets have 100 % completeness. 
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4.6 Solar radiation analysis 
Solar radiation is the radiant energy emitted by the sun in the form of electromagnetic 
radiation. 
 The analysis of this parameter is important due to the fact that it can be used as an 
indicator of atmospheric stability [8]. 
 The solar radiation analysis consists of the average solar radiation data analysis and 
involves the annual tables of both masts. Also, the data completeness percentage is giv-
en. 
4.6.1 Average solar radiation (SR avg) 
Annual tables 
The annual solar radiation tables of both masts are presented below. In each table there 
is the average, the minimum and the maximum values of the average solar radiation. 
Table 41. Average solar radiation, Mast 1, Oct 02-Sep 03 
 
Table 42. Average solar radiation, Mast 2, Oct 02-Sep 03 
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Table 43. Average solar radiation, Mast 1, Oct 03-Sep 04 
 
Table 44. Average solar radiation, Mast 2, Oct 03-Sep 04 
 
Data completeness 
Regarding the average solar radiation data completeness, during the period from Octo-
ber 2002 to September 2003: 
Mast 1: 97.85 % 
Mast 2: 99.98 % 
 During the period from October 2003 to September 2004: 
Mast 1: 79.24 % 
Mast 2: 96.60 % 
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5 Global Wind Atlas data 
The Global Wind Atlas is a free online wind resources map developed in collaboration 
by the Department of Wind Energy at the Technical University of Denmark (DTU Wind 
Energy) and the World Bank [5]. 
 
Figure 45. Global Wind Atlas, location of Shell Flats Bank in the circle [5] 
 In order to see if the dissertation’s data analysis results can be considered as valid, a 
comparison will be made between the mean wind speed data provided by the wind atlas 
and the equivalent values obtained by the analysis. To be more precise, the data will be 
compared at two different heights, at 50 and 82 meters. 
 Moreover, the results of the wind direction analysis will be compared to the wind 
rose at Shell Flats provided by the Global Wind Atlas. 
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5.1 Wind speed comparison 
On the one hand, if we look at the analysis’ resulting mean wind speed values depicted 
at the 10-minute mean wind speed annual tables, we see that the values at 50m and 82m 
during the whole two-year period of the analysis are the following. 
Table 45. Mean wind speeds at 50m and 82m 
 
 On the other hand, acording to the Global Wind Atlas, the mean wind speed at Shell 
Flats Bank is 8.75 m/s at 50m, and 9.75 m/s at 100m ASL [5]. 
 Consequently, we observe that the values obtained by the analysis are similar to 
those provided by the wind atlas, a fact that can be considered as an indicator of the ex-
amination’s validity. 
 Additionally, according to another source, the mean wind speed at 100m ASL dur-
ing 2000-2009 is equal to 9.79 m/s, reinforcing the argument [18]. 
5.2 Wind direction comparison 
The wind rose is a graphic tool used in order to give a succinct view of how wind is dis-
tributed at a specific location. 
 The wind roses of Mast 1 and Mast 2 are created by calculating the average values 
of each height’s wind direction data during the two-year period of the analysis, and can 
be seen in the figures below. 
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Figure 46. Wind rose, Mast 1 
 
Figure 47. Wind rose, Mast 2 
 However, in order to make a comparison between the analysis’ wind direction data 
and those obtained by the Global Wind Atlas, a combined figure containing the data 
from both masts will be formed and compared to the atlas’ wind rose. 
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Figure 48. Wind rose, Mast 1 & Mast 2 
 
Figure 49. Wind rose, Global Wind Atlas [5] 
 As it can be observed, the analysis’ wind rose bears a lot of similarities to that pro-
vided by the Global Wind Atlas, thus, apart from the wind speed data, the wind direc-
tion data are validated by another source. 
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6 Wind shear coefficients 
The wind shear coefficients are going to be calculated using the mean wind speed data 
obtained by the analysis, and the results will be compared to the bibliography’s equiva-
lent coefficient values. 
 First of all, the term wind shear describes the change of wind speed with height and 
is often used in order to estimate the wind speed at higher elevations [9], [19]. 
 The most common methods used are the exponential profile equation -also known 
as power law, and the logarithmic profile equation. 
6.1 Exponential wind profile 
The wind profile power law relationship is the following: 
 
 
(6-1) 
 where, 
Vh is the wind speed at height h [m s
-1] 
VR is the wind speed at height R [m s
-1] 
a is the wind shear exponent 
 If the wind speeds at both heights are known, the wind shear exponent (α) can be 
calculated by solving the following formula: 
 
 
(6-2) 
6.2 Logarithmic wind profile 
The log wind profile relationship is the following: 
 
 
(6-3) 
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 where, 
Vh is the wind speed at height h [m s
-1] 
VR is the wind speed at height R [m s
-1] 
Zo is the roughness length [m] 
 If the wind speeds at both heights are known, the roughness length (Zo) can be cal-
culated by solving the following formula: 
 
 
(6-4) 
6.3 Annual tables 
The annual wind shear coefficients are presented in the following tables. The 10-minute 
mean wind speed data of the first mast are used for the calculations. 
 More specifically, for the Vh and VR values, the NW and SE mean values of each 
height are used. 
Mast 1, Oct 02-Sep 03: 20m → 7.14 m/s 
30m → 7.51 m/s 
50m → 7.97 m/s 
70m → 8.17 m/s 
80m → 8.33 m/s 
Mast 1, Oct 03-Sep 04: 20m → 7.53 m/s 
30m → 7.89 m/s 
50m → 8.39 m/s 
70m → 8.55 m/s 
80m → 8.81 m/s 
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Table 46. Wind shear coefficients, Mast 1, Oct 02-Sep 03 
 
Table 47. Wind shear coefficients, Mast 1, Oct 03-Sep 04 
 
 Generally, in open water environment, typical values of the wind shear exponent (a) 
range from 0.08 to 0.15, while the equivalent roughness length values (Zo) range from 
0.0003 to 0.0001 [8], [9]. 
 By looking at the annual tables, we observe that the majority of the α coefficients 
fall on the bibliography’s range. 
 Moreover, it can be seen that most of the obtained Zo coefficients have small values, 
close to the theoretical values. 
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7 Energy output simulation 
In order to show what would be the actual power production of a wind turbine in Shell 
Flats Bank, an energy output simulation is performed using the Swiss Wind Power Data 
website’s power production calculator [20]. The particular calculator is a free program 
that can provide the annual power production given a wind turbine model’s power 
curve, the mean wind speed and the air density. 
 However, as discussed in a previous chapter, differences in the wind turbine height 
affect significantly the wind speed, thus the power production. 
 Therefore, in order to demonstrate the magnitude of the difference in production, the 
simulation will be performed at three different heights. 
7.1 Wind turbine model 
An important condition for the wind turbine model selection is that the environmental 
conditions of the examined site are within the design parameters of the manufacturer. 
 The wind turbine model used in the energy simulation is the V164-8.0 MW, pro-
duced by one of the global leaders in the renewable energy sector, Danish Vestas Wind 
Systems A/S. 
7.1.1 V164-8.0 MW characteristics 
The following are the wind turbine’s main characteristics [21], [22]: 
Power  
 Rated power: 8.000 kW 
 Power regulation: Pitch regulated with variable speed 
 Cut-in wind speed: 4 m/s 
 Rated wind speed: 13 m/s 
 Cut-out wind speed: 25 m/s 
 Survival wind speed: 50 m/s 
Operating data 
 Operation temperature range: -10°C to +25°C 
 Extreme temperature range: -15°C to +35°C 
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Design parameters 
 Wind class: IEC S 
 Turbulence intensity: IEC B 
 Structural design lifetime: 25 years 
Rotor 
 Rotor diameter: 164 m  
 Rotor swept area: 21.124 m2 
 Number of blades: 3 
 Maximum rotor speed: 12,1 U/min 
 Tip speed: 104 m/s 
 Power density: 378,7 W/m2 
Generator 
 Type: Permanent Magnet 
 Voltage: 66 kV 
 Grid connection: Full scale converter 
 Grid frequency: 50 Hz 
Tower 
 Type: Tubular steel tower 
 Hub height: Site specific 
Weights 
 Single blade: 35 t 
 Nacelle: 375 t 
 Tower: Site dependent 
7.1.2 Power curve 
The Vestas V164-8.0 MW power curve can be seen below. 
 
Figure 50. Vestas V164-8.0 MW Power Curve [21] 
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7.2 Power production calculation 
In the power production calculator, the model’s power curve is used, while the air den-
sity is considered to be 1.225 kg/m3. 
7.2.1 Mean wind speed parameter 
Regarding the calculator’s mean wind speed parameter, the average values of the 10-
minute mean wind speed during the two-year period of the analysis, at three different 
heights will be used. 
 More precisely, the values that are going to be used can be seen in the table below. 
Table 48. Mean wind speed parameters 
 
7.3 Energy simulation results 
The results of the energy output simulation are portrayed in the following figures. 
 
Figure 51. Simulation results at 30m [20] 
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Figure 52. Simulation results at 50m [20] 
 
Figure 53. Simulation results at 80m [20] 
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 As it was expected, as the turbine height increases, the power produced changes 
enormously. More specifically, the difference in production between 30m and 50m 
equals to 2.891.840 kWh/year and 1.547.186 kWh/year between 50m and 80m. 
 
 
 
  -73- 
8 Conclusions 
As aforementioned in the introduction, the main goal of the dissertation is to explicitly 
display the manner that the meteorological parameters related with the wind energy 
domain change over time. In addition, the other objective of the study is to provide a 
substantial confirmation why the evaluation of those parameters’ variability is a matter 
of uttermost importance. 
 Accordingly, the conclusions constitute of the comments based on the results of the 
analysis, showing how the parameters eventually change throughout two years, as much 
as, of the comments based on the results of the energy output simulation, responding to 
the question; is the evaluation of those parameters that important? 
 Last but not least, the significance of offshore wind energy development on a global 
scale is mentioned. 
8.1 Based on analysis 
The results of the data analysis are discussed in the following sections, displaying the 
manner the weather parameters vary over the analysis period, while commenting on the 
changes that take place. 
8.1.1 Wind speed analysis comments 
The wind speed analysis consists of the 10-minute mean wind speed and the maximum 
wind speed data. However, the conclusions are presented separately for the mean and 
the maximum wind speed. 
10-minute mean wind speed 
By looking at the mean wind speed annual tables, we observe that as height increases, 
normally the average values of the 10-minute mean wind speed increase. 
 The only exceptions are in the annual table of Mast 1, Oct 03-Sep 04 at 70m SE 
where the wind speed decreases by 0.08 m/s compared to the value at 50m SE, and in 
the annual table of Mast 2, Oct 02-Sep 03 at 40m SE where there is a decrease of 1.03 
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m/s. The decrease in the first case can be attributed to a random error, while the de-
crease in the second case is probably due to the low data completeness (only 48.20 %). 
 Comparing now the annual values of the masts, we notice that the wind speed in-
creases during the second year of the analysis in both masts. The only exception is in 
the second year of Mast 2, at 50m NW and can be attributed to the low data complete-
ness (67.03 %). 
 Therefore, we observe that the second year of the analysis the average wind speed 
increases almost by 0.39 m/s in Mast 1 and 0.27 m/s in Mast 2, while the results verify 
the theory, that is, the wind speed increases with height. 
 Regarding the mean wind speed annual duration curves, according to the graphs, 
the most frequent wind speed values (above 6 % frequency) during the first year at Mast 
1 were between 3-11 m/s at 30m NW, and between 4-12 m/s at both 50m and 80m NW. 
At Mast 2, the most frequent values were between 3-11 m/s at 30m NW and between 5-
12 m/s at 50m NW.  
 During the second year, the most frequent wind speeds at Mast 1 were between 3-11 
m/s at both 30m and 50m NW, and between 4-11 m/s at 80m NW. At Mast 2, they were 
between 3-11 m/s at 30m NW, and between 4-11 m/s at 50m NW. 
 Consequently, we observe that generally, the most frequent wind speed values at 
30m NW are between 3-11 m/s, between 3-12 m/s at 50m NW, and between 4-12 m/s at 
80m NW. 
 Concerning the mean wind speed monthly figures, by looking at the graphs, we can 
see which months of the two-year analysis were the windiest. 
 First of all, in reality, due to the fact that temperate climate zones get much less heat 
during winter, while the solar radiation does not change much in the tropical zones, un-
even heating occurs in the surface of Earth, causing wind speeds to be substantially 
higher during colder months [23]. 
 The analysis’ graphs show that indeed the windiest months of the two-year-analysis 
period, are winter months. More precisely, we observe that the two windiest months are 
January 2003 and January 2004, while, on the contrary the least windy months are May 
2004 and August 2003. 
 Thereby, based on the aforementioned remarks regarding the 10-minute mean wind 
speed analysis, we can conclude the following things: 
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 The wind speed increases during the second year of the analysis 
 The most frequent wind speed values at the height range of 30 to 80 meters, are 
between 3-12 m/s 
 The windiest months are January 2003 and 2004, and the least windy May 2004 
and August 2003 
 Apart from displaying the variability of the wind, the results also verify the facts 
that the parameter increases with altitude and that speeds are higher during winter. 
Maximum wind speed 
By looking at the maximum wind speed annual tables, we observe that -as in the case of 
the mean wind speed- as height increases, the average values of the maximum wind 
speed increase. 
 The only exceptions are found in the annual table of Mast 1, Oct 03-Sep 04 at 70m 
SE where the wind speed decreases by 0.08 m/s and in the annual table of Mast 2, Oct 
02-Sep 03 at 40m SE where there is a decrease of 1.20 m/s. The decrease in the first 
case is probably caused by a random error, while the decrease in the second case may be 
due to the low data completeness (only 48.20 %). 
 Also, by comparing the annual values of the masts, we notice that the wind speed 
increases during the second year of the analysis in both masts. 
 Therefore, we observe that the second year of the analysis the average wind speed 
increases almost by 0.47 m/s in Mast 1 and 0.45 m/s in Mast 2, while the results verify 
that the wind speed increases with height. 
 By looking at the figures comparing the two masts’ maximum wind speed at the 
same height (50m NW) during September 2003 and June 2004, we observe that in both 
cases there are not big differences in the data of the first and the second mast, an indica-
tor that the wind speed measurements are accurate. 
 Consequently, we can conclude the following things: 
 The wind speed increases during the second year of the analysis 
 The parameter’s measurements during two random months were accurate 
 Furthermore, the results also verify the fact that wind speed increases with height 
(similarly to the 10-minute mean wind speed data). 
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8.1.2 Wind direction analysis comments 
The annual graphs portraying the wind direction distribution show that during the first 
year of the analysis, the predominant wind directions (above 10 % frequency) were at 
both masts, the southeast (SE) and the southwest (SW), while, during the second year of 
the analysis, the predominant directions at both masts were the west-southwest (WSW), 
the west (W) and the west-northwest (WNW). 
 Therefore, we notice that the predominant wind directions in a site can change over 
time. 
 The predominant wind direction tables show which were the predominant wind di-
rections (above 10 % frequency) for each month of the analysis at each height. The fol-
lowing are the wind directions that were observed on eight or more months during the 
examined two years: 
 Mast 1 
o at 20m NW, the east-southeast (ESE), the southwest (SW), and the west 
(W) 
o at 30m NW, the southwest (SW), the west-southwest (WSW), and the 
west (W) 
o at 50m NW, the southwest (SW), the west-southwest (WSW), and the 
west (W) 
o at 70m NW, the east-southeast (ESE), the southwest (SW), the west-
southwest (WSW), the west (W), and the west-northwest (WNW) 
o at 82m, the east-southeast (ESE), the southwest (SW), the west-
southwest (WSW), the west (W), and the west-northwest (WNW) 
o at 20m SE, the south-southeast (SSE), the southwest (SW), the west-
southwest (WSW), and the west (W) 
o at 30m SE, the east (E), the southwest (SW), the west-southwest (WSW), 
and the west (W) 
o at 50m SE, the southwest (SW), the west-southwest (WSW), and the 
west (W) 
o at 70m SE, the east-southeast (ESE), the southwest (SW), the west-
southwest (WSW), and the west (W) 
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o at 80m NW, the south-southeast (SSE), the southwest (SW), the west-
southwest (WSW), and the west (W) 
 Mast 2 
o at 20m NW, the southwest (SW), the west-southwest (WSW), the west 
(W), the west-northwest (WNW), and the northwest (NW) 
o at 30m NW, the east-southeast (ESE), the southwest (SW), the west-
southwest (WSW), and the west (W) 
o at 40m NW, the southwest (SW) 
o at 52m, the south-southwest (SSW), the southwest (SW), the west-
southwest (WSW), and the west (W) 
o at 20m SE, the southwest (SW), the west-southwest (WSW), and the 
west (W) 
o at 30m SE, the southwest (SW), the west-southwest (WSW), and the 
west (W) 
o at 40m SE, the south-southwest (SSW), the southwest (SW), the west-
southwest (WSW), and the west (W) 
o at 50m NW, the southwest (SW) 
 Hence, we notice that the predominant wind directions observed for eight or more 
months were not the same at each height, except for: 
 The southwest (SW), the west-southwest (WSW), and the west (W) directions 
on Mast 1 
 The southwest (SW) direction on Mast 2 
 We must note that on the second mast, the west-southwest (WSW) and west (W) 
directions were not measured as predominant only at 40m NW and 50m NW, which 
both have low data completeness (67.60 % and 66.94 %). 
 Consequently, we can conclude that the predominant wind directions of a site may 
change over time, although some of them may remain the same. 
8.1.3 Atmospheric pressure analysis comments 
By looking at the atmospheric pressure annual tables, we observe that the values verify 
the fact that the atmospheric pressure decreases as height increases. 
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 Also, by comparing the annual values of the masts, we notice that the average at-
mospheric pressure decreases during the second year of the analysis at 12m, by 4.82 
mbar in the first and by 0.19 mbar in the second mast, however, it increases at 80m by 
4.07 mbar. 
 Therefore, we can conclude the following things: 
 The atmospheric pressure decreases with altitude 
 Since the average values decrease at 12m, yet increase at 80m during the second 
year, the parameter seems to be changing over time in an unsteady manner 
8.1.4 Air temperature analysis comments 
The average values of the temperature annual tables verify the fact that as the height 
increases, the air temperature decreases, known as lapse rate. 
 Moreover, by comparing the annual values of the masts, we notice that the average 
air temperature decreases during the second year of the analysis, by 0.26 °C in the first 
mast, and by 0.12 °C in the second. 
 We must note that the Mast 1, Oct 02-Sep 03 air temperature data at 12m are not 
taken into consideration due to the low data completeness (64.35 %). 
 Thus, we can conclude the following things: 
 The air temperature decreases with altitude 
 During the second year of the analysis, the average temperature decreases 
8.1.5 Relative humidity analysis comments 
The average values of the humidity annual tables show that the relative humidity de-
creases as the height increases, which makes sense since the air density decreases with 
altitude. 
 In addition, we see that the relative humidity decreases during the second year of the 
analysis, by 0.73 % in the first mast, and by 2.07 % in the second. 
 Consequently, we can conclude the following things: 
 The relative humidity decreases with altitude 
 During the second year of the analysis, the average relative humidity decreases 
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8.1.6 Solar radiation analysis comments 
The annual tables show that the average solar radiation decreases by 8.05 W/m2 after the 
first year of the analysis. 
 We must note that due to the fact that the Mast 1, Oct 02-Sep 03 solar radiation da-
taset has lower data completeness percentage than the other datasets (79.24 %), only the 
data of the second mast are taken into consideration. 
 Therefore, we can conclude that since the average air temperature also decreases 
during the second year, the average solar radiation’s decrease seems to be logical. 
8.2 Based on energy output simulation 
As it has already been mentioned, the energy output simulation confirms that the power 
production increases greatly with altitude. 
 More specifically, a change in the wind turbine height from 30 to 50 meters equals 
to a 9.81 % increase, while, a change from 50 to 80 meters leads to a production in-
crease of 4.88 %. 
 However, the results of the simulation also prove that a small change in the wind 
speed can cause an immense difference in the expected power production. 
 Consequently, apart from the wind shear, the energy output simulation verifies the 
importance of accurate evaluation of the wind energy-related weather parameters’ vari-
ability, and most importantly that of the wind speed, showing what can be the impact of 
a potential miscalculation on a wind energy project. 
8.3 Global development of offshore energy 
Despite the fact that offshore wind energy becomes more and more appealing due to 
technological improvements and important cost reductions, apart from Europe, the 
United States, China and some other upcoming Organisation for Economic Co-
operation and Development (OECD) countries, the rest of the world is yet to capitalize 
on the enormous energy potential that can be found offshore. 
 More specifically, since the inclusion of this energy source in a nation’s energy mix 
can be proved beneficial in meeting a series of goals, such as the expansion of energy 
access and meeting the Nationally Determined Contributions (NDCs), the development 
of offshore energy on a global scale can be deemed crucial. 
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 In particular, according to a recent report containing case studies of various emerg-
ing markets like Brazil, Vietnam, Philippines and Turkey, the use of their natural off-
shore resources, implementing both fixed-bottom and floating wind turbines, can bear 
great results [24]. 
 Consequently, considering that there are only 44 landlocked countries, that is coun-
tries that have no access to the oceans, 77.55 % of the countries in the world have off-
shore wind energy potential, and right now it is a great opportunity to start exploiting it 
[25]. 
 
 
 
 
 
 
  -81- 
 
Bibliography 
[1] T. R. Aloys Nghiem, Daniel Fraile, Ariola Mbistrova, “Wind energy in Europe: 
Outlook to 2020,” no. September, p. 44, 2018. 
[2] European Environment Agency, Europe’s onshore and offshore wind energy 
potential - An assessment of environmental and economic constraints, vol. 6, no. 
6. 2009. 
[3] M. R. Patel, Wind and Solar Power Systems—Design, Analysis, and Operation, 
vol. 30, no. 3. 2006. 
[4] J. Cotrell et al., “Analysis of Transportation and Logistics Challenges Affecting 
the Deployment of Larger Wind Turbines : Summary of Results Analysis of 
Transportation and Logistics Challenges Affecting the Deployment of Larger 
Wind Turbines : Summary of Results,” no. January, pp. 1–17, 2014. 
[5] “Global Wind Atlas.” [Online]. Available: https://globalwindatlas.info/. 
[Accessed: 29-Oct-2019]. 
[6] “Global Atlas Gallery 3.0.” [Online]. Available: 
https://irena.masdar.ac.ae/gallery/#map/103. [Accessed: 02-Nov-2019]. 
[7] DNV GL, “Study on UK Offshore Wind Variability,” no. L2C124303-UKBR-R-
01, Issue B, 2016. 
[8] J. Roeth, “Wind Resource Assessment Handbook. NYSERDA Report 10-30,” p. 
203, 2010. 
[9] P. Jain, Wind Energy Engineering. 2011. 
[10] IEC, “Iec 61400-12-1,” Int. Electrotech. Comm., vol. 2005, p. 179, 2005. 
[11] Wind Europe, “Offshore wind in Europe,” Refocus, pp. 1–37, 2018. 
[12] R. Poudineh, C. Brown, B. Foley, R. Poudineh, C. Brown, and B. Foley, “Global 
Offshore Wind Market,” Econ. Offshore Wind Power, pp. 15–31, 2017. 
[13] “Wind Energy Statistics - RenewableUK.” [Online]. Available: 
https://www.renewableuk.com/page/UKWEDhome. [Accessed: 13-Sep-2019]. 
-82- 
[14] “4C Offshore Overview - 4C Offshore.” [Online]. Available: 
https://www.4coffshore.com/. [Accessed: 13-Sep-2019]. 
[15] S. J. Watson, P. Kritharas, and G. J. Hodgson, “Wind speed variability across the 
UK between 1957 and 2011,” Wind Energy, vol. 18, no. 1, pp. 21–42, 2015. 
[16] G. Sinden, “Characteristics of the UK wind resource: Long-term patterns and 
relationship to electricity demand,” Energy Policy, vol. 35, no. 1, pp. 112–127, 
2007. 
[17] “Marine Data Exchange || Home.” [Online]. Available: 
http://www.marinedataexchange.co.uk/. [Accessed: 13-Sep-2019]. 
[18] “Cirrus Shell Flat Array - Offshore Wind Farm Project | 4C Offshore.” [Online]. 
Available: https://www.4coffshore.com/windfarms/United-Kingdom/cirrus-shell-
flat-array-united-kingdom-uk24.html. [Accessed: 04-Nov-2019]. 
[19] W. Werapun, Y. Tirawanichakul, and J. Waewsak, “Wind Shear Coefficients and 
their Effect on Energy Production,” Energy Procedia, vol. 138, no. February 
2018, pp. 1061–1066, 2017. 
[20] “Windenergie-Daten der Schweiz.” [Online]. Available: https://wind-
data.ch/tools/powercalc.php?lng=en. [Accessed: 29-Oct-2019]. 
[21] “Vestas V164-8.0 - 8,00 MW - Wind turbine.” [Online]. Available: 
https://en.wind-turbine-models.com/turbines/318-vestas-v164-8.0. [Accessed: 
04-Oct-2019]. 
[22] “Vestas V164-8.0 MW - Vestas - Page - PDF Catalogs | Documentation | 
Brochures.” [Online]. Available: https://pdf.archiexpo.com/pdf/vestas/vestas-
v164-80-mw/88087-134417-_4.html. [Accessed: 07-Oct-2019]. 
[23] “How Does Cold Weather Affect Wind Speed? - Wind speed data loggers and 
anemometers.” [Online]. Available: 
https://www.windlogger.com/blogs/news/how-does-cold-weather-affect-wind-
speed. [Accessed: 14-Nov-2019]. 
[24] ESMAP, “Expanding Offshore Wind to Emerging Markets,” no. October, 2019. 
[25] M. Rosenberg, “44 Landlocked Countries That Don’t Touch an Ocean.” 
[Online]. Available: https://www.thoughtco.com/landlocked-countries-1435421. 
[Accessed: 25-Nov-2019]. 
 
  -83- 
Appendix 
In this section, a sample of the data used in the analysis is presented. More specifically, 
all the analysed parameters of Mast 1 during the first day of the analysis (04 October 
2002) can be seen on the tables below. 
 The parameters of the tables are the following: 
 WS1 avg: 10-minute mean wind speed at 20m NW (m/s) 
 WS2 avg: 10-minute mean wind speed at 30m NW (m/s) 
 WS3 avg: 10-minute mean wind speed at 50m NW (m/s) 
 WS4 avg: 10-minute mean wind speed at 70m NW (m/s) 
 WS5 avg: 10-minute mean wind speed at 82m (m/s) 
 WS6 avg: 10-minute mean wind speed at 20m SE (m/s) 
 WS7 avg: 10-minute mean wind speed at 30m SE (m/s) 
 WS8 avg: 10-minute mean wind speed at 50m SE (m/s) 
 WS9 avg: 10-minute mean wind speed at 70m SE (m/s) 
 WS10 avg: 10-minute mean wind speed at 80m NW (m/s) 
 WS1 uvd: 10-minute mean wind direction at 20m NW (°) 
 WS2 uvd: 10-minute mean wind direction at 30m NW (°) 
 WS3 uvd: 10-minute mean wind direction at 50m NW (°) 
 WS4 uvd: 10-minute mean wind direction at 70m NW (°) 
 WS5 uvd: 10-minute mean wind direction at 82m (°)  
 WS6 uvd: 10-minute mean wind direction at 20m SE (°) 
 WS7 uvd: 10-minute mean wind direction at 30m SE (°) 
 WS8 uvd: 10-minute mean wind direction at 50m SE (°) 
 WS9 uvd: 10-minute mean wind direction at 70m SE (°) 
 WS10 uvd: 10-minute mean wind direction at 80m NW (°) 
 AP1 avg: Average atmospheric pressure at 12m (mbar) 
 AP2 avg: Average atmospheric pressure at 80m (mbar) 
 AT1 avg: Average air temperature at 80m (°C) 
 AT2 avg: Average air temperature at 12m (°C) 
 RH1 avg: Average relative humidity at 80m (%) 
 RH2 avg: Average relative humidity at 12m (%) 
 SR avg: Average solar radiation (W/m2) 
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WS1 avg WS2 avg WS3 avg WS4 avg WS5 avg WS6 avg WS7 avg WS8 avg WS9 avg WS10 avg
04-Oct-02 11:00 6.326 6.444 6.406 6.616 6.54 4.674 4.693 5.488 5.788 6.785
04-Oct-02 11:10 6.019 6.069 6.046 6.329 6.24 4.747 4.421 4.623 4.962 6.548
04-Oct-02 11:20 6.43 6.437 6.377 6.661 6.573 5.127 4.612 4.774 5.147 6.834
04-Oct-02 11:30 6.064 6.095 6.077 6.356 6.29 4.903 4.164 4.229 5.407 6.609
04-Oct-02 11:40 6.557 6.656 6.596 6.824 6.719 5.1 4.92 5.379 5.335 7.01
04-Oct-02 11:50 6.71 6.678 6.593 6.83 6.692 5.598 5.322 5.72 5.116 7.04
04-Oct-02 12:00 6.802 6.797 6.809 7.11 6.877 6.138 6.492 7.16 6.032 7.27
04-Oct-02 12:10 7.04 7.05 7.03 7.3 7.13 5.819 6.072 6.92 5.582 7.46
04-Oct-02 12:20 7.22 7.16 7.19 7.54 7.37 5.814 6.102 7.07 5.637 7.69
04-Oct-02 12:30 6.806 6.808 6.78 7.1 6.916 5.614 6.043 6.836 5.409 7.28
04-Oct-02 12:40 7.27 7.28 7.28 7.61 7.34 6.083 6.546 7.55 6.292 7.76
04-Oct-02 12:50 7.45 7.47 7.43 7.71 7.51 7.13 7.39 7.89 7.11 7.93
04-Oct-02 13:00 7.65 7.67 7.65 7.92 7.66 6.273 6.805 7.75 6.091 8.13
04-Oct-02 13:10 8.15 8.17 8.25 8.59 8.34 7.62 7.94 8.74 7.76 8.79
04-Oct-02 13:20 7.79 7.66 7.64 7.95 7.7 7.47 7.71 8.11 7.8 8.37
04-Oct-02 13:30 7.78 7.78 7.78 8.11 7.86 7.54 7.82 8.3 7.8 8.57
04-Oct-02 13:40 8.73 8.68 8.69 8.98 8.73 8.59 8.86 9.29 8.9 9.42
04-Oct-02 13:50 8.38 8.5 8.59 8.94 8.74 8.02 8.37 9.12 8.24 9.37
04-Oct-02 14:00 8.47 8.42 8.48 8.81 8.58 7.97 8.39 9.04 8.38 9.22
04-Oct-02 14:10 8.66 8.66 8.72 8.98 8.67 7.77 8.13 9.1 7.33 9.37
04-Oct-02 14:20 8.45 8.46 8.63 9.01 8.78 6.955 7.33 8.59 6.755 9.4
04-Oct-02 14:30 8.85 8.85 8.78 9.05 8.85 7.6 8.05 9.12 7.33 9.46
04-Oct-02 14:40 8.84 8.85 8.91 9.28 9.09 8.55 8.85 9.47 8.69 9.73
04-Oct-02 14:50 9.15 9.1 9.13 9.53 9.27 8.98 9.21 9.71 9.43 9.9
04-Oct-02 15:00 9 9 9.08 9.55 9.33 8.86 9.07 9.67 8.82 9.89
04-Oct-02 15:10 9.48 9.55 9.7 10.02 9.77 8.64 9.04 10.15 8.54 10.36
04-Oct-02 15:20 10.07 10.11 10.19 10.5 10.2 9.59 9.94 10.85 9.62 10.75
04-Oct-02 15:30 9.89 9.88 10.01 10.43 10.19 9.02 9.55 10.6 9.45 10.7
04-Oct-02 15:40 10.81 10.88 10.95 11.35 11.08 10.56 10.87 11.65 10.76 11.58
04-Oct-02 15:50 10.27 10.31 10.53 11.05 10.79 10.13 10.47 11.17 11.08 11.34
04-Oct-02 16:00 10.65 10.62 10.76 11.21 10.92 10.41 10.74 11.45 10.96 11.41
04-Oct-02 16:10 11.04 11.09 11.32 11.67 11.35 10.59 10.99 12 10.83 11.88
04-Oct-02 16:20 11.3 11.34 11.48 11.9 11.64 9.52 10.08 11.81 9.25 12.11
04-Oct-02 16:30 12.14 12.14 12.54 13.08 12.81 9.76 10.67 12.81 9.81 13.3
04-Oct-02 16:40 12.34 12.45 12.8 13.36 13.08 10.01 10.74 13.02 10.03 13.57
04-Oct-02 16:50 12.78 12.88 13.19 13.6 13.28 10.29 11.24 13.54 10.19 13.72
04-Oct-02 17:00 12.45 12.54 12.74 13.35 13.15 10.24 10.99 12.98 9.95 13.51
04-Oct-02 17:10 13.12 13.17 13.47 14.01 13.77 10.29 11.33 13.56 10.23 14.13
04-Oct-02 17:20 12.77 12.87 13.05 13.46 13.1 9.85 10.81 13.01 9.85 13.6
04-Oct-02 17:30 12.77 12.73 12.93 13.37 13.07 10.98 11.79 13.48 10.72 13.59
04-Oct-02 17:40 12.95 13.01 13.23 13.67 13.38 11.99 12.48 13.98 11.95 13.92
04-Oct-02 17:50 12.34 12.4 12.62 13.18 12.9 11.15 11.79 13.35 11.67 13.42
04-Oct-02 18:00 11.86 11.87 12.14 12.72 12.53 11.58 11.98 12.89 12.14 13.06
04-Oct-02 18:10 12.33 12.3 12.34 12.69 12.47 11.97 12.3 13.1 12.08 12.96
04-Oct-02 18:20 11.68 11.75 12.08 12.64 12.37 11.33 11.78 12.87 11.53 12.85
04-Oct-02 18:30 12.37 12.32 12.58 13.06 12.77 11.88 12.26 13.28 12.15 13.27
04-Oct-02 18:40 12.37 12.22 12.47 12.99 12.74 12.24 12.5 13.23 12.89 13.23
04-Oct-02 18:50 12.51 12.49 12.67 13.08 12.79 12.38 12.74 13.47 12.8 13.27
04-Oct-02 19:00 12.58 12.67 13.05 13.67 13.39 11.87 12.39 13.75 12.49 13.78
04-Oct-02 19:10 13.18 13.24 13.55 14.02 13.7 12.09 12.64 14.25 11.99 14.08
04-Oct-02 19:20 13.55 13.61 13.83 14.29 14 12.51 13.13 14.68 12.51 14.39
04-Oct-02 19:30 12.81 12.86 13.11 13.59 13.37 12.17 12.71 13.9 12.51 13.72
04-Oct-02 19:40 12.66 12.65 12.9 13.45 13.2 12.22 12.62 13.71 12.63 13.5
04-Oct-02 19:50 12.53 12.57 12.87 13.36 13.06 12 12.52 13.64 12.81 13.38
04-Oct-02 20:00 11.84 11.83 12.16 12.76 12.56 11.96 12.31 12.99 12.72 12.86
04-Oct-02 20:10 12.58 12.67 13.01 13.46 13.2 12.3 12.76 13.76 13.24 13.5
04-Oct-02 20:20 12.29 12.35 12.66 13.25 13.09 11.94 12.35 13.42 12.56 13.32
04-Oct-02 20:30 11.61 11.67 11.93 12.41 12.2 11.53 11.91 12.64 12.23 12.49
04-Oct-02 20:40 12.19 12.16 12.44 12.88 12.73 11.97 12.39 13.22 12.66 12.91
04-Oct-02 20:50 12.41 12.54 12.8 13.29 13.02 11.81 12.35 13.51 12.45 13.2
04-Oct-02 21:00 11.89 11.95 12.17 12.81 12.64 11.24 11.64 12.81 11.77 12.77
04-Oct-02 21:10 12.6 12.72 12.98 13.51 13.22 11.68 12.3 13.71 11.8 13.27
04-Oct-02 21:20 12.1 12.1 12.35 12.91 12.62 11.43 11.86 13.1 11.04 12.66
04-Oct-02 21:30 11.88 11.99 12.25 12.82 12.65 9.86 10.63 12.24 9.54 12.57
04-Oct-02 21:40 11.92 12.13 12.42 13.04 12.96 9.43 10.26 11.82 9.43 12.81
04-Oct-02 21:50 11.94 12.06 12.48 13.17 13.11 9.2 9.76 11.38 9.52 12.98
04-Oct-02 22:00 10.99 11.27 11.6 12.32 12.38 8.62 8.68 9.81 8.98 12.16
04-Oct-02 22:10 11.29 11.52 11.95 12.58 12.6 9.44 8.38 8.93 10.18 12.35
04-Oct-02 22:20 11.3 11.57 12.03 12.77 12.83 9.34 8.14 8.44 11.06 12.5
04-Oct-02 22:30 10.98 11.27 11.8 12.64 12.9 8.79 7.77 8.54 10.99 12.48
04-Oct-02 22:40 11.3 11.73 12.24 13.01 13.3 8.51 8.86 10.68 11.56 12.83
04-Oct-02 22:50 12.1 12.48 12.97 13.79 13.97 9.12 10.45 12.31 12.1 13.45
04-Oct-02 23:00 12.11 12.37 12.76 13.57 13.73 9.21 11.08 12.47 11.95 13.21
04-Oct-02 23:10 13.29 13.66 14.04 14.74 14.79 10.32 12.91 14.16 12.8 14.13
04-Oct-02 23:20 13.14 13.59 14.11 14.76 14.79 10.14 12.93 14.25 12.83 14.16
04-Oct-02 23:30 12.94 13.24 13.63 14.28 14.31 10.05 12.65 13.69 12.46 13.71
04-Oct-02 23:40 13.22 13.68 14.13 14.74 14.77 10.59 13.4 14.5 12.82 14.1
04-Oct-02 23:50 13.07 13.42 13.74 14.34 14.33 10.34 13.04 13.99 12.48 13.76  
  -85- 
WS1 uvd WS2 uvd WS3 uvd WS4 uvd WS5 uvd WS6 uvd WS7 uvd WS8 uvd WS9 uvd WS10 uvd
04-Oct-02 11:00 262 257.3 253.5 267.2 260.3 265.4 257.7 246.4 262.2 257.8
04-Oct-02 11:10 251.5 247.8 244.5 258.4 251.8 256.4 248.9 237.7 253.7 248.9
04-Oct-02 11:20 251.4 247.9 243.9 257.6 251 256.3 248.8 237.3 252.9 248.2
04-Oct-02 11:30 255.2 251.1 247.3 261.3 254.3 259.5 252 240.6 256.7 251.7
04-Oct-02 11:40 251.4 247.8 243.8 257.1 250.4 256.1 248.4 237 252.7 247.6
04-Oct-02 11:50 246.1 242.4 238.5 251.9 245.2 251.3 243.6 231.9 247.7 242.1
04-Oct-02 12:00 237.8 235.4 231.9 245.7 239.2 244.4 237.1 225.4 241.7 236.1
04-Oct-02 12:10 242.6 239.9 235.7 249.6 243.1 248.6 241.2 229.4 245.4 240.2
04-Oct-02 12:20 243.4 240.3 236.4 250.1 243.4 249 241.6 229.9 245.8 240.4
04-Oct-02 12:30 241.9 239 234.9 248.5 241.8 247.8 240.2 228.4 244.3 238.8
04-Oct-02 12:40 240.4 237.4 232.9 246.3 239.7 246.6 238.7 226.5 242.3 236.5
04-Oct-02 12:50 234.7 232.7 229 243.3 237.1 241.8 234.5 222.9 239.5 233.7
04-Oct-02 13:00 241.2 238.4 234.6 248.4 241.9 247.3 239.8 228.4 244.4 238.5
04-Oct-02 13:10 236.9 234.1 230.4 244.3 237.9 243.7 235.9 224.1 240.4 234.5
04-Oct-02 13:20 232.9 230.6 226.7 240.3 234.2 240.2 232.3 220.6 236.8 230.5
04-Oct-02 13:30 234.4 232.3 228.6 242.3 236.2 241.4 233.7 222.5 238.6 232.7
04-Oct-02 13:40 232.5 230.3 226.9 240.7 234.5 239.8 232.3 220.8 237.1 230.9
04-Oct-02 13:50 236.4 233.9 230.1 243.8 237.6 243.2 235.6 223.8 239.8 234
04-Oct-02 14:00 236.1 233.3 229.1 242.7 236.5 242.7 234.9 222.9 238.8 233
04-Oct-02 14:10 238.2 236.2 233 247 240.3 245 237.8 226.6 242.8 236.9
04-Oct-02 14:20 242.5 239.7 235.7 249.3 242.8 248.5 241.2 229.3 245.2 239.3
04-Oct-02 14:30 240.6 237.9 233.7 247.2 240.9 246.9 239.2 227.1 243.1 237.4
04-Oct-02 14:40 234.6 232.5 228.9 242.8 236.8 241.6 234.2 222.6 239.1 233.1
04-Oct-02 14:50 232.7 230.6 227.1 240.8 234.9 239.9 232.2 221 237.2 231.1
04-Oct-02 15:00 234.7 233 229.7 243.6 237.5 241.6 234.5 223.3 239.6 233.9
04-Oct-02 15:10 237.9 235.8 232.2 246.1 240 244.8 237.3 226 242.1 236.4
04-Oct-02 15:20 236.1 234 230.4 244.2 238 242.9 235.6 224 240.3 234.4
04-Oct-02 15:30 237.5 234.8 230.9 244.2 237.9 243.8 236.3 224.3 240.2 234.4
04-Oct-02 15:40 235.2 232.9 229.3 243.2 237.1 242 234.5 223.2 239.4 233.5
04-Oct-02 15:50 232.5 230.6 226.8 240.4 234.1 239.6 232.2 220.6 236.7 230.3
04-Oct-02 16:00 233.9 231.8 228 241.6 235.6 241.1 233.5 221.7 238 231.8
04-Oct-02 16:10 236.3 234 230.2 243.8 237.5 243.1 235.5 223.9 239.9 233.9
04-Oct-02 16:20 241 238.4 234.7 248.4 242 247.2 239.8 228.3 244.4 238.7
04-Oct-02 16:30 242.1 239.2 235.1 248.8 242.4 248.2 240.2 228.8 244.6 239.1
04-Oct-02 16:40 242.5 239.7 235.2 249 242.3 248.4 240.9 228.8 244.8 239.3
04-Oct-02 16:50 241.8 239.5 235.1 248.8 242.2 248.1 240.7 228.9 244.6 239
04-Oct-02 17:00 241.7 239.3 235.2 249 242.5 247.8 240.6 228.9 244.9 239.4
04-Oct-02 17:10 242.6 239.8 235.9 249.8 243.2 248.9 241.3 229.5 245.5 240.2
04-Oct-02 17:20 243.3 240.6 236.3 249.6 242.9 249.6 241.9 230.1 245.3 239.8
04-Oct-02 17:30 239.6 237.2 233.2 247.2 241 246.1 238.5 226.8 243.2 237.8
04-Oct-02 17:40 237.3 235.2 231.6 245.4 239 243.9 236.7 225.1 241.4 235.8
04-Oct-02 17:50 238.2 235.9 231.6 244.8 238.4 244.6 237.2 225.3 240.8 235.2
04-Oct-02 18:00 234.1 232.5 228.8 242.8 236.7 241.1 233.8 222.4 239 233.3
04-Oct-02 18:10 234.9 232.8 229.2 242.8 236.6 241.9 234.2 222.9 239.1 233.2
04-Oct-02 18:20 235.2 233.7 230.3 244.1 238.1 242.1 235 223.9 240.2 234.7
04-Oct-02 18:30 235.4 233.4 229.6 243.6 237.5 242.2 234.6 223.4 239.7 234.2
04-Oct-02 18:40 233.4 231.2 227.6 241.3 235.2 240.2 232.6 221.3 237.6 231.7
04-Oct-02 18:50 232.7 230.8 227.7 241.9 235.9 239.7 232.4 221.4 238.1 232.5
04-Oct-02 19:00 236.5 234.3 230.5 244 237.7 243.3 235.6 224.1 240.1 234.4
04-Oct-02 19:10 237.9 236 232 245.6 239.4 244.4 237.1 225.5 241.7 236.2
04-Oct-02 19:20 237.7 235.6 231.7 245.5 239.1 244.2 236.8 225.1 241.4 235.9
04-Oct-02 19:30 236.4 234.1 230.2 244 237.9 243 235.5 223.7 240.2 234.5
04-Oct-02 19:40 235.2 233.3 229.8 243.6 237.5 242.2 234.7 223.5 239.7 234.2
04-Oct-02 19:50 234.8 232.6 228.8 242.4 236.2 241.6 234 222.5 238.7 232.9
04-Oct-02 20:00 231.3 229.8 226.7 240.8 234.8 238.5 231.2 220.4 237.2 231.4
04-Oct-02 20:10 233.6 231.4 227.7 241.4 235.4 240.6 233.1 221.2 237.8 232
04-Oct-02 20:20 234.5 232.4 229 242.8 236.7 241.4 234.1 222.8 239 233.3
04-Oct-02 20:30 232.6 230.8 227.4 241.3 235.1 239.7 232.1 221.1 237.5 231.7
04-Oct-02 20:40 232.5 230.8 227.7 241.7 235.6 239.6 232.3 221.5 238 232.3
04-Oct-02 20:50 236 234 229.6 243.4 237.1 242.9 235.3 223.4 239.6 234
04-Oct-02 21:00 236 234.1 230 243.5 237.2 242.6 235.3 223.7 239.7 233.9
04-Oct-02 21:10 237.2 235.4 231.4 245.4 239.1 244 236.6 225.1 241.4 236
04-Oct-02 21:20 236.8 234.7 231.2 245.8 240.1 243.4 236 224.9 241.9 237
04-Oct-02 21:30 241.1 239 235.6 249.9 243.7 247.3 240 229.1 245.9 240.7
04-Oct-02 21:40 243.9 241 237.5 251.9 245.4 249.5 242.1 231 247.5 242.6
04-Oct-02 21:50 244.9 242.4 238.6 252.8 246.4 250.6 243.2 232.1 248.5 243.5
04-Oct-02 22:00 246.5 244.1 240.3 254.5 247.8 252 244.9 233.8 250.1 245.1
04-Oct-02 22:10 251.2 247.7 244.2 258.3 251.8 256.2 248.5 237.5 253.7 249.4
04-Oct-02 22:20 254.2 250.9 247.7 261.8 254.8 258.9 251.4 240.7 257 252.6
04-Oct-02 22:30 255.5 252.4 249.1 263.1 256.7 259.9 252.6 242.2 258.4 254.5
04-Oct-02 22:40 261.7 257.8 254.6 268.8 261.8 265.5 257.6 247.1 263.7 259.6
04-Oct-02 22:50 265.2 261.2 257.5 271.6 264.4 268.6 260.9 250.2 266.5 262.2
04-Oct-02 23:00 268 263.3 259.7 274 266.5 270.7 262.5 252.2 268.8 264.6
04-Oct-02 23:10 271.2 265.9 262.2 275.9 268.7 273.3 265 254.7 270.5 266.9
04-Oct-02 23:20 271.5 266.8 262.9 276.4 268.9 273.7 265.7 255.1 271.1 267
04-Oct-02 23:30 271.4 266.7 262.2 275.8 268.6 273.6 265.7 254.6 270.4 266.8
04-Oct-02 23:40 273.8 268.8 264.4 277.5 270.1 275.4 267.4 256.7 272.1 268.4
04-Oct-02 23:50 272.9 267.9 263.7 277 269.2 274.9 266.9 255.7 271.4 267.6  
-86- 
AP1 avg AP2 avg AT1 Avg AT2 avg RH1 avg RH2 avg SR avg
04-Oct-02 11:00 1026.9 1018.1 13.57 14.41 72.6 71.6 436.4
04-Oct-02 11:10 1026.9 1018.2 13.64 14.49 69.83 69.09 490.4
04-Oct-02 11:20 1027 1018.2 13.67 14.56 70.2 69.38 511.2
04-Oct-02 11:30 1026.9 1018.2 13.69 14.55 70.1 69.57 514.5
04-Oct-02 11:40 1027 1018.2 13.72 14.58 70.4 70.1 470.7
04-Oct-02 11:50 1026.9 1018.2 13.7 14.54 71.8 71 361.8
04-Oct-02 12:00 1026.8 1018.1 13.69 14.52 72.6 72.3 290.2
04-Oct-02 12:10 1026.8 1018 13.68 14.5 73.9 72.5 302.9
04-Oct-02 12:20 1026.7 1018 13.74 14.55 72.8 72.3 303.7
04-Oct-02 12:30 1026.7 1017.9 13.68 14.52 75.1 73.9 258.2
04-Oct-02 12:40 1026.6 1017.9 13.75 14.55 72.6 71.8 393.6
04-Oct-02 12:50 1026.4 1017.8 13.78 14.6 73.8 72.8 519.1
04-Oct-02 13:00 1026.4 1017.6 13.81 14.62 74.2 72.5 535.9
04-Oct-02 13:10 1026.2 1017.6 13.8 14.63 73.6 72 475.2
04-Oct-02 13:20 1026.1 1017.4 13.9 14.7 75.3 73.8 363.3
04-Oct-02 13:30 1026 1017.3 13.85 14.7 73.1 72.7 410.8
04-Oct-02 13:40 1026 1017.2 14.03 14.85 70.9 69.56 455.5
04-Oct-02 13:50 1026 1017.1 14.06 14.92 72.7 72.5 455.2
04-Oct-02 14:00 1025.9 1017.1 14.1 14.93 72.5 71.7 381.6
04-Oct-02 14:10 1025.8 1017.1 14.21 15.03 71.6 71.2 431.3
04-Oct-02 14:20 1025.7 1017 14.23 15.1 69.21 69.14 416.5
04-Oct-02 14:30 1025.6 1016.9 14.28 15.11 70.2 69.45 360.4
04-Oct-02 14:40 1025.6 1016.8 14.27 15.07 72.7 71.7 319.2
04-Oct-02 14:50 1025.5 1016.7 14.37 15.14 69.61 69.69 347
04-Oct-02 15:00 1025.5 1016.7 14.41 15.2 71 71 326.8
04-Oct-02 15:10 1025.6 1016.7 14.41 15.19 70.9 71 236.9
04-Oct-02 15:20 1025.5 1016.7 14.53 15.29 69.49 69.53 216.3
04-Oct-02 15:30 1025.4 1016.6 14.54 15.3 70.7 71.1 194.1
04-Oct-02 15:40 1025.2 1016.5 14.63 15.36 68.03 68.64 233.5
04-Oct-02 15:50 1025.2 1016.3 14.63 15.35 71.3 71.7 199.2
04-Oct-02 16:00 1025.2 1016.3 14.63 15.38 71.4 71 184.3
04-Oct-02 16:10 1025.1 1016.2 14.69 15.42 69.97 70.3 136.4
04-Oct-02 16:20 1025.1 1016.2 14.7 15.43 70.2 71 113.8
04-Oct-02 16:30 1025 1016.2 14.63 15.38 70.1 71.2 82.3
04-Oct-02 16:40 1024.9 1016.1 14.61 15.36 70.8 72.4 67.61
04-Oct-02 16:50 1024.8 1015.9 14.62 15.37 72.6 73.3 84.5
04-Oct-02 17:00 1025 1015.9 14.58 15.34 74 74.8 79.1
04-Oct-02 17:10 1024.9 1016 14.6 15.36 75.2 75.3 65.78
04-Oct-02 17:20 1024.9 1015.9 14.59 15.32 76.5 76.7 23.38
04-Oct-02 17:30 1024.8 1016 14.51 15.27 78.6 78.3 8.95
04-Oct-02 17:40 1024.8 1015.9 14.48 15.25 77.7 78.2 0
04-Oct-02 17:50 1024.8 1015.8 14.52 15.28 79.3 78.3 0
04-Oct-02 18:00 1024.9 1015.9 14.49 15.23 80.4 80 0
04-Oct-02 18:10 1024.8 1015.9 14.48 15.23 81.7 80.9 0
04-Oct-02 18:20 1024.9 1015.9 14.5 15.26 83.1 82 0
04-Oct-02 18:30 1024.9 1016 14.52 15.26 83.2 82.1 0
04-Oct-02 18:40 1024.9 1015.9 14.51 15.26 83.5 82.7 0
04-Oct-02 18:50 1024.8 1015.9 14.5 15.26 84.7 83.7 0
04-Oct-02 19:00 1024.7 1015.9 14.51 15.29 84 84 0
04-Oct-02 19:10 1024.7 1015.8 14.57 15.31 84.4 84 0
04-Oct-02 19:20 1024.6 1015.7 14.56 15.3 84.3 84.3 0
04-Oct-02 19:30 1024.7 1015.6 14.57 15.32 86 84.8 0
04-Oct-02 19:40 1024.8 1015.7 14.61 15.35 85.3 85 0
04-Oct-02 19:50 1024.8 1015.8 14.65 15.39 85.5 85.3 0
04-Oct-02 20:00 1024.8 1015.8 14.65 15.38 86.9 86.2 0
04-Oct-02 20:10 1024.6 1015.8 14.61 15.35 87.5 86.4 0
04-Oct-02 20:20 1024.6 1015.6 14.64 15.38 87.7 86.7 0
04-Oct-02 20:30 1024.6 1015.6 14.59 15.34 88.9 87.9 0
04-Oct-02 20:40 1024.5 1015.6 14.58 15.3 89.6 88.6 0
04-Oct-02 20:50 1024.5 1015.6 14.7 15.41 88.7 87.8 0
04-Oct-02 21:00 1024.4 1015.5 14.73 15.45 89.1 88.2 0
04-Oct-02 21:10 1024.4 1015.5 14.73 15.46 89.2 88.3 0
04-Oct-02 21:20 1024.4 1015.4 14.75 15.47 88.9 88.9 0
04-Oct-02 21:30 1024.6 1015.5 14.82 15.53 88.8 88.6 0
04-Oct-02 21:40 1024.5 1015.6 14.87 15.58 89.1 88.3 0
04-Oct-02 21:50 1024.5 1015.7 14.83 15.53 90.1 89.1 0
04-Oct-02 22:00 1024.5 1015.6 14.89 15.56 89.1 89.3 0
04-Oct-02 22:10 1024.5 1015.7 15.04 15.7 88.6 88 0
04-Oct-02 22:20 1024.6 1015.7 15.17 15.82 86.5 87.3 0
04-Oct-02 22:30 1024.5 1015.8 15.25 15.87 86.4 87 0
04-Oct-02 22:40 1024.4 1015.8 15.5 16.08 83.4 84.3 0
04-Oct-02 22:50 1024.4 1015.7 15.65 16.24 81.2 82.1 0
04-Oct-02 23:00 1024.4 1015.7 15.57 16.19 82.1 82.8 0
04-Oct-02 23:10 1024.4 1015.7 15.55 16.18 80.4 81.1 0
04-Oct-02 23:20 1024.3 1015.6 15.52 16.18 80.1 80.6 0
04-Oct-02 23:30 1024.2 1015.5 15.41 16.07 81.5 81.7 0
04-Oct-02 23:40 1024.2 1015.5 15.3 15.98 80.7 81.5 0
04-Oct-02 23:50 1024.2 1015.4 15.19 15.89 82.7 82.2 0  
